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Chemical properties of N-(amidomethyl)- and 
N- (imidomethyl)glycine derivatives 

2.* Reactions at alkoxycarbonyl and carboxyl groups 
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N-(Aroylaminomethyl)glycine amides were synthesized by reactions of N-(aroylamino- 
methyl)glycine esters with ammonia Alkaline hydrolysis of N-(amidomethyl)glycine. 
N-(imidomethyl)glycine, and N-(amidomethyl)phenylalanine esters afli)rded tile correspond- 
ing N-(amidomethyl)-e-amino acids~ Reactions of the last-mentioned compounds with ethyl 
esters of glycine, alanine, and phenylalanine in tile presence of dicyclohe×ylcarbodiimide 
yielded dipeptides containing N-amidomethvl substituents 

Key words: N-(amidomethyl)glycine, N-(imidomethyl)glycine, lmmonolysis, hydrolysis, 
dicyclohexylcarbodiimide, dipeptides. 

Previously, we have s u ~ e s t e d  a method fo r  the 
synthesis of  N-(amidomethyl )  -2 and N-( imidomethyl)gly-  
cine 3 esters based on reactions of  glycine esters with 
formaldehyde and amides or imides. It has been demon-  
strated that the compounds  obtained can enter  into 
reactions of  ni t rosat ion,  acylat ion,  and sulfonylat ion at- 
the amino  group; these reactions p r o c e e d w i t h  retent ion 
of  the N - - C H ? - - N  structural fragment and afford the 
corresponding N-ni t roso,  N-acyl,  and N-sulfonyl de-  
rivatives. I 

In this work, we have studied the react ions of 
N- (amidome thy l ) -  and N- ( imidomethy l ) -c t -amino  acid 
esters (1 - -13)  and the products  of  the hydrolysis of  these 
compounds  with nucleophi l ic  reagents with the aim of  
obtaining polyfunct ional  derivatives of  glycine, includ- 
ing dipept ides ,  conta ining amidomethyl  substituents. 

It was found that N- (a roy laminomethy l )g lycme me- 
thyl and ethyl esters containing an H atom at the amine 
N atom (tbr example ,  2) and certain of their  N-acyl (6 
and 8) and N-sulfonyl (5 and 9) derivatives readily react 
with ammon ia  in alcohol at 20--55 °C to produce the 
corresponding amides  (14- -18)  {the yields were 41--  
84 %, Table 1). 

In spite of  the rather large distances between the 
substi tuents at the aromat ic  mlcleus and the reaction 
center ,  the nature and positions of these substi tuents 
have a p ronounced  effect on the course of  the reaction, 
Thus, N-(p-bromobenzoylaminomethyl)- N-acetylglycine 
methyl ester (8) readily reacts with ammonia  even at 
~20 °C to yield amide  17, whereas N-acetyI-N-(p-nitro- 
benzoy laminomethy l )g lyc ine  amide (16) forms in a pre- 

* For Part I, see Ref, I 

parative yield only when the corresponding ester 6 is 
heated with ammonia  ill a sealed tube at 55 °C. At-  
tempts to synthesize N- (p -n i t robenzoy laminomethy l ) -  
N-tosylglycine amide have not met with success even 
under  these condi t ions  a l though the co r re spond ing  
m-nitro derivative (15) readily forms from ester 5 at 
~20 °C.  

U n l i k e  a m m o n i a ,  b e n z y l a m i n e  does no t  react  w i t h  
a l ky l  esters 1 - - 1 0  unde r  the  c o n d i t i o n s  s tud ied .  

0 R 2 
tl I 

R 3 --C6H 4 --CNHCH2NCHCO2R 

R ~ 
1 - q 0  

o R 2 0 
I1 I II 

R 3 --C6H a --CNHCH2N--CHCNH 2 
I 
Fd 

14 - -18  

NH3] 

0 R 2 0 
{I I II 

R :~ - -Ce l l  4 --CNHCH2N--CHCOH 
I 
R ~ 

19 - -26  

R = Et ( 1 - - 3 ,  5 ) ,  M e  (4 ,  6 - - 1 0 ) ;  
R ~ .... H (1--9,  14--25) ,  CH2Ph (10, 26);  
R 2 = H (2, 14), Ac (3, 6, 8, 10, 16, 17, 20, 22, 24, 26), 

Ts (1, 4, 5, 7, 9, 15, 19, 21, 23, 25); 
R 3 = H (1, 19), m-NO 2 (2--5,  14, 15, 20, 21),  p-NO 2 

(6, 7, 16, 22, 23, 26), p-Br  (8, 9, 17, 18, 24, 25L  

Like the reactions with ammonia ,  alkal ine hydrolysis 
of esters I,  3, 4, and 6 - -10  proceeds with re teut ion of 
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Table I. Yields, melting ~ in t s ,  and the data of the IR and Itt NMR spectra of the derivatives of N-(aroylaminomethyl)-a-amino 
acids amides (14--18) and N-(aroylaminomethyl)-ct-amino acids amides ( 1 9 - - 2 9 )  

Ccm- Yield M.p  IR, v/cm -1 IH NMR, a ( J / H z )  
pound ( % ) / '  /°C 

C=O NO2 Ni t  NCH2N NCH2C R 2 Ar CONH Other 
(NCHC) signals 

14 41 150--155 1650, 1 5 3 0  3320, 418 (d, 3 2 9 s  -- 740 (m, 9.63 (t, 755 (s, 
1670 3345, J = 60) 2 H), J = 6.0) I H, NH?), 

3445 798 (m, 830 (s, 
2 H) I t t  NH?) 

15 64 189--192 1655, 1 5 3 5  3300-  498 (d, 402 s 2.27 (s, 770--  944 (t, 719 (s, 
1670 3340, J = 56) 3 H, Me)  782 (m, J = 56) I H, NH2), 

3380, 728 (d, I H), 815 744 (s, 
3460 2 H, Ar), (d, I H, I 14, NIt 2) 

Z70--7.82 J = 7.0), 
(m, 2 H Ar) 839 (d, 

I | t ,  
J = 70), 

852 (s 
1 H) 

16 84 244--246 

17 84 192--1935 

1616, 1528,  335Z 480 (d, 392 (s, 193 (s, 803 (d, 936 (t, Z03 (s, 07 H), 
1656, 1 5 4 0  3392, 1~3 H, 1.3 H )  1 H, Me), 2 H, 03 H, 719 (s, 0,3 H), 
1676 3440 J = 5A), 410 ( s ,  2,25 (s, J = 80), J = 54), Z48 (s, 07 H), 

498 (d, 07 H) 2 H, Me) 835 (d, 947 (t, 752 (s, 03  H) 
07 H, 2 H, 07 H, 
J -= 5.4) J = 80) J = 54) 

1630, --  3320, 480 (d, 3092(s, 1~92(s, 7 7 0 ( d ,  9.03 (t, Z03 (s, 07  H), 
1650, 3385, 0~7 H, 13 tt), I H, Me), 2 H, 0.3 H, 7.15 (s, 03  H), 
1685 3460 J = 5.7), 409 (s, 223 (s, J = 77), J = 5.7), 7.32 (s, 07  H), 

4.84 (d, 0.7 H) 2 H, Me) 7.80 (d, 920 (t, 7.50 (s, O3 H) 
1,3 H, 2 H, 0,7 H, 
J = 5.7) J = 77), J = 57) 

18 73 235--237 1665 -- 3320, 4~89 (d, 393 s 292 (s, 7 60--Z71 9.13 (t, 726 (s, 1 H), 
3380, J = 5.5) 3 H, Me), (m, 4 H) J = 55) 7.43 (s, 1 H) 
3460 7.28 (d, 

2 H, Ar, 
J = 73), 

7 60--7,7i 
(m, 214, At) 

19 90 155--157 1665, -- 3310 
1720 

491 ( d  407 s 230 G, 7 3,',';--7 55 902 (L -- 
J = 65) 3 H, Me). fin, 3 H), J = 65) 

728 (d. 7 7 0 ( d ,  
2 t t ,  At, 2 H, 
J = 9 O) J = 90) 

767 (d, 
2 H, Ar, 
J = 90) 

20 58 154--159 1640, 1540, 3000, 4.94 (d, 408 (s, 
1660, 1 5 6 0  3180~ Y = 5.5) I 4 H), 
1745 3260 429 (s, 

06 H) 

197 (s, 780 (t, 951 (t, - 
09  H, Me), I H, J = 5~5) 

230 (s, J = 90), 
Z I I t  Me) 8 3 0 - 8 4 7  

(m, 2 H), 
875 
(s, I H) 

(to be continued) 
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Table  I (continued) 

Corn- Yield M.p  IR, v/crn -I 
pound (%) /°C 

C = O  NO 2 NH NCH2N 

IH NMR,  6 ( J /Hz)  

NCH2C 
(NCHC) 

R 2 Ar C O N H  Other  
signals 

21 35 178--181 1640, 1535 3100, 4 9 0  (d, 
1655 3190, J = 6 3) 

3240 

22 85 178 - - 179  

23 16 182--184 

24 73 133--135 

25 48 178--183 

652, 1520, 3272 4.92 (d, 
664, 154,1 0.7 II, 

756 J = 58) ,  
4.97 (d, 
1,3 H, 
J = 5.8} 

1650-- 1535, 
1675, 1545 

1725 

3300 5.10 s 

1655, --  3330 4.83 (d, 
1670, J = 6.2) 
1730 

1660, -- 3330 4.38 (d, 
1710, J = 58)  

1725 

26 63 170--174 1650, 1540 
1730 

3300 4.33 (dd, 
I H, 

Ji = 13.0, 
J2 = 5.0), 

4.75 (dd, 
I H ,  
JI = 13.0, 
J2 = 50)  

4 1 3 s  

415  (s, 
13 tt), 

4.27 (s, 
07  tt) 

4.30 s 

403  (s, 
13 H), 

4.23 (s, 
0 7  H) 

4 0 5 s  

4.40-- 
448  

( m , l  H, 
CH) 

2.20 (s, 
3 H, Me), 

7.13 (d, 
2 H, Ar, 
Y - 90) ,  

763 (d 
2 tt, Ar, 
J = 90 )  

195 (s, 
I H, Me) .  

231 (s, 
2 t t ,  Me) 

2.35 (s, 
3 H, Me), 

7.32 (d, 
2 H, At, 
J =  8.6), 

7.80 (d, 
2 H, At, 
d = 8.6) 

193 (s, 
1 H,  Me) ,  

2.26 (s, 
2 It ,  Me) 

23(;) (s, 
3 t t ,  Me), 

729  (d, 
2 It ,  Ar, 
J = 85) ,  

772 (d, 
2 H, At, 
J = 8.5) 

2,26 (s, 
3 11, Me) 

735 (t, 
I H, 
J = 7.8), 

8 . l l  (d, 
I H ,  
J = 78) ,  

784  (d, 
I t l ,  
J = 7 8 L  

858 (s, 
I II) 

S 03 (m, 
2 IlL 

:<23 (m, 
2 H )  

8.00 (d, 
2 H ,  
J = 86) ,  

8.30 (d, 
2 t-I, 

J = 8.6) 

768  ( d  
2 It, 
J = 90) ,  

7.78 (d, 
2 H ,  
J = 90 )  

760  (d, 
2 11, 

J = 85) ,  
765 (d, 
2 II, 

J = 8 5 )  

800  (d, 
2 H ,  
J = 85) ,  

8.31 (d, 
2 H ,  
J = 85)  

868  (t, 
J = 6 3 )  

893 (t, 
0 3  t t ,  
J ~: 58) ,  

917  (t, 
0.7 It, 
J = 58)  

9 5 0  (t, 
J = 62 )  

910 (t. 
J = 62 )  

9.20 (t, 
J = 50)  

3 20--3.30 (m, 
2 11, ~l:J2Ar), 

705--731 (m, 
5 H, Ar) 

(to be continued) 
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Table  I (continued) 

Corn- Yield M F  IR. v/cm -I 
pound (%) /°C 

# C=O NO 2 NH NCH2N 

~H NMR, 8 (J/Hz) 

NCH2C R 2 Ar 
(NCHC) 

CON H Other 
signals 

27 28 168--169 1620-- -- 2800-- 4.92 (d, 
1630, 3260 J = 5.6) 

1770 

28 60 137--140 1600, -- 3290 4,90 (d, 
1660, J = 6.7) 
1715 

29 78 187.5-- 1600, -- 2920-- 4.67 (d, 
188.5 1650, 3100, J - 7 0) 

1710 3330 

418 (s, 1.97 (s, 740- -759  853 (t, 
16 H), 0.6 H, Me), (m, 3 H), 02 H, 

435 (s, 2,25 (s, 783 (d, J = 56), 
04 H) 24 H, Me) I H. 833 (t, 

J = 70) 08 }I, 
J = 5.6) 

• 407 s 

3.90 s 

242 is, 708 (d, 
3 H, Me), I H, 

738 (d, J = 56), 
2 tt, Ar, 7 47--7 60 
J = 90), (m~ 2 H)  

775 (d, 7;-;I (m 
2 H, Ar, I It) 
J = 90) 

900 it, 
J = 67) 

L38 (s, -- 858 (t, 2.21 it, 
3 H, Me), J = 70) 2 H, CH?, 

736 (d, d = 65),  
2 H, Ar, L32 (t, 
J = 9.0), 2 H, Ct t  2, 

720 (d, J = 65)  
2 H, At, 
J = 9.0) 

the  N - - C H ? - - N  group  and affords salts o f  the cor re -  
spond ing  acids. T h e  lat ter  c o m p o u n d s  were  conve r t ed  
wi thou t  isolat ion into  the co r r e spond ing  a - a m i n o  acids 
( 1 9 - - 2 6 )  by t r e a t m e n t  with HCI ( the yields were 35--  
90 %). 

C o m p o u n d s  ( 2 7 - - 2 9 )  con t a in ing  two carboxyl  groups 
were  ob ta ined  by reac t ions  o f  N - i m i d o m e t h y l  der ivat ives  
o f  g lyc ine  esters 1 1 - - 1 3  with aqueous  alkali  fo l lowed by 
t r e a t m e n t  with HCI ( the yields were  28- -78  %)~ 

0 
0 
II 

R i ) \  NCH2NCH2CO2Me 0 H._.~ HOOCR 1CNHCH2 ti4CH2COOH 
y '~2 R 2 

0 11--13 27--29 

R I = 1,2-C6H 4 (11, 12, 27, 28), (CH2) 2 (13, 29); 
R 2 := Ac (11, 27), TS {12, 13, 28, 29), 

The  der ivat ives  o f  N - ( a m i d o m e t h y l ) - { ~ - a m i n o  acids 
1 9 - - 2 9  are i n t e rmed ia t e s  tk~r the p repa ra t ion  of  s econd-  
at3' amides  ( i nc lud ing  pept ides)  that  can not  be ob ta ined  
by the ac t ion  o f  s econda ry  amines  on N - ( a m i d o m e t h y l ) -  
or -amino acid alkyl e s t e r .  Thus ,  c o m p o u n d  22 reacts 
wi th  b e n z y l a m i n e  in the p r e s e n c e  o f  d i c y c l o h e x y l -  
c a r b o d i i m i d e  ( D C C )  with re ten t ion  o f  the  N - - C H 2 - N  
g roup  to yield amide  (30).  

DCC 
22 + CeH5CH2NH 2 " 

0 0 
~ \ x  II II 

02N%~j)-~CNHCH2?CH2CNHCH2C6H 5 

Ac 30  

Simi lar ly ,  compounds 19 and 21- -25  react w i th  ethyl 
este~ of  glycine, alanine, and phenyla lanme in the 
presence o f  d i c y c l o h e × y l c a r b o d i i m i d e  to produce 
N-(amidomethy l )d ipept ides (31- -43)  (the yields were 
40--80 %, Tables 2 and 3). 

R 4 
I DCC 

19, 21--25 + H2NCHCO2EI 

0 R 2 0 R 4 
II 1 II I 

,~ R3--CsH 4-CNHCH2NCH2CNHCHCO2Et 

31---43 

R 2 := Ac ( 2 2 ,  24, 33, 35, 38, 40, 42, 43), 
Ts(19, 21, 23, 25, 31, 32, 34, 36, 37, 3 9  41); 

R 3 = H (19, 31, 37, 41), m-NO z (21, 32), 
p-NO 2 (22, 23, 33, 34, 38, 39, 42), 
p-B~ (24,  25, 35,  36,  40,  43);  

R 4 = H (31 - -36 ) ,  OH 3 (37 - -40 ) ,  CH2Ph (41----43)r 

The  c o m p o u n d s  ob ta ined  can  be used to fu r the r  
lengthen  the  pept ide  chain ,  which  was d e m o n s t r a t e d  by 
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Table 2. Yields. melting points, and the data of the I R spectra 
of N-(aroylaminomethyl)-N-acetylglycyl-~a-amino acid ethyl 
esters (33, 35, 38, 40, 42, and 43) and N-(aroylaminomethyl)-  
N-tosylglycyl-a-amino acid ethyl ester (31, 32, 34, 36, 37, 39, 
and 41) 

Corn- Yield M p / ° C  IR~ v / c m  t 

pound (%) CONI t  CO 2 NH NO 2 

31 40 172~-175 1640, 1685 1745 

32 25 186--188 1640, 1660 1745 

33 47 193--195 1630--1640, 1750 
1665 

34 50 200--201 1650--1660 1750 

3360, 
3380 

3310 

3340 

3300 

35 40 158--162 1660, 1675 1750 3315 

36 42 191--194 1660-1670 1750 3300 

37 79 151-~154 1650, 1670 1720 3310 

38 45 173--175 1660 1740 3290 

39 80 129--132 1655 1740 3290 

40 43 138--142 1635--1660 1750 3300 

41 74 131--1335 io40, 1655, 1735 3295 
1670 

42 69 165--168 1630, 1660 1750 3320 

43 61 134--138 1630--1675 1750 3260-- 
3340 

1540 

1530, 
1550 

1520, 
156{) 

1525, 
1535, 
1550 

1530, 
1550 

1530, ° 
1560 

r e a c t i o n s  o f  hydro lys i s  and  hyd r az i no l y s i s  o f  es ter  38. 
As a resul t ,  we isola ted N - ( p - n i t r o b e n z o y l a m i n o m e t h y l ) -  
N - a c e t y l g l y c y l a l a n i n e  (44)  and  its h y d r a z i d e ,  w h i c h  was 
c h a r a c t e r i z e d  in the  fo rm of  the  c o r r e s p o n d i n g  a c e t o n e  
h y d m z o n e  (45)  (Tab le  3). 

0 Ac 0 CH:3 
II i l{ 

P-O~NC~H4CNHCH2NCH~CNHCHCOL.,H 

44 

0 AC 0 CH 3 ' ~  OH 
11 I H t " __J 

P-O2NC6H4CNHCH2NCH~CNHCHCO2Et 
q 1 NH2NH 2,H20 

3 8  2 (CH:0~CO 

0 Ac O CH 3 
II I fl 1 

p~O2NC,;H4CNHCH2NCH2CNHCHCNHN=C(CH3)2 

O 
45 

All the  de r iva t i ve s  of  ~ t -an t ino  ac ids  and  d i p e p t i d e s  
s y n t h e s i z e d  are s table  c ~ s t a l l i n e  c o m p o u n d s  T h e i r  s t ruc-  
t u r e s  were  e s t a b l i s h e d  by IR and  tH and  13C N M R  
spec t r a .  Pur i t i e s  o f  c o m p o u n d s  15, 17, 21 ,  22, 26- -31 ,  
33, 37, 38, 41, and 4 3 - - 4 5  were c o n f i r m e d  by the  
r e su l t s  o f  e l e m e n t a l  ana lys i s  (Tab le  4). 

Experimental 

The I R spectra ol solid compounds  were recorded on a 
Specord-75-IR spectrometer using KBr pel le ts  The IH and 
13C NMR spectra were obtained on a Bruker AM-300  spec- 
trometer in DMSO-d 6 and acetone-d 6 at frequencies of  300o13 
(IH) and 755  ( I 'C)  M H z  Chemical shifts of the IH and 13C 
signals were measured relative to DMSO-d~, (8, 395 )  and 
acetone-d~, (8, 3 0 0 0 )  

N- (Aroylaminomethyl)- N- tosyl-, N- (aroylaminomethyl)- N- 
acetyl-, and N-(p-nitrobenzoylaminomethyl)glycine amides 
(14--18) .  A solution of compound 2 or compounds  5--9 
(023 retool) in PPOtl  (3-°5 mL) was saturated with ammonia  
at 0 ~'C lbr 10--15 ra in and then tile mixture was kept in a 
sealed tube at -20 ':C for 3 -4 days (fi)r conrpound 16, at 50 .... 
55 ~C for 24 h) Ha[f the volume of the solvent was lemoved 
in vacuo The precipitates of amides 14--18 were filtered off, 
washed with PffOH, dried under an air stream, and recrys- 
tallized from P P O H  The yields, melting points, and spectral 
characteristics of compounds 14--18 are given in Table I 

N-(Aroylaminomethyl)-N-tosyl- and N-(aroylaminomethyl)- 
N-acetyl<~-amino acids (19--26) .  A 45% NaOH solution 
(074  mnlol, 045  rnl,) ~*s added dropwise to a stlspenslon O( 
compound I, 3, 4, or 6--10 (068  retool) in water (5 mL), 
and the mixture was stirred at 60--70 ;~C t\~r I - 4  h and then 
at -20 ° C f o r 2 4  h Concentrated HC1(074  mmol,  0063  mL) 
was added to the solution, and the reaction mass was kept at 
+5 '~C lk~r 12 h The precipitate of amino acid was filtered off, 
washed with water, and dried under an air stream (in the case 
of compound 20, water was removed in vacuo, and the residue 
cwstallized when the solution was treated with an e ther- -  
acetone mix ture)  The yields, melting points, and data of the 
IR and IH N M R  spectra of compounds  19--26 are given in 
Table I I~C N M R o f c o m p o u n d  20 (DMSO-d6) ,  8 : 2 1 0  and 
21 I (Me); 49.7 and 507 (Nf2H2C); 53.8 and 53.9 (NCH2N);  
122.1 and 1223 (At, CH); 126.0 and 1265 (At, CH);  1300 
and 1302 (At, CH); 133.9 and 1353 (CCO);  147.9 (CNO?);  
165~1; I - '03;  1708 ( C = O )  13C N M R  of compound  24 
{DMSO-d 6) 8 : 2 2 1  and 22.3 (Me); 472  farad 505  (NCH?C);  
51.5 and 548  (NCHxN);  1264 and 126.5 (CBr);  1305 and 
1306 (Ar, CH);  1324 and 1325 (Ar, CH);  1336 (C_CO); 
1674 and 1677 (C(O)NH);  171.5; 171.8; 17Z2 (CO?). 

N-(o-Carboxybenzamidomethyl)glycines (27 and 28) and 
N-(hydroxysuecinylaminomethyl)-N-tosylglyeine (29), A 45% 
NaO[I solution (041 retool, 0023 ml.) was added dropwise 
to a suspension ol  compounds 1 1 - 1 3  (037  retool) in water 
(5 m l ) ,  and the mi×ture was stirred at 50- 60 'JC for 15 ...... 
60 r a in  Then concentrated HCI (041 mmol~ 0035  mL) was 
added to the solution, md the reaction mixture was kept at 
+5 ':C fl)r 12 h The precipitate that J\~rmed was filteled off, 
washed with water, m d  dried under an air s t r e a m  The yields, 
melting points, and specnaJ characteristics of  compounds  2 7 ~  
29 fire given in Table I I*C NMR of compound  29 ( D M S O  
d~,)~ 8 : 2 1 0  (Me); 287 and 297 ((CH?)?);  47 I (NCH?( )~  
5 1 8 ( N C H 2 N ) ;  12691Ar,  C1t); 1296(Ar ,  CH);  1 3 7 3 ( ( ( M e ) :  
1431 (CS): 170 I; 1726~ 1738 (CO?)  

[ N- (p-Nitrobenzoylaminomethyl)- N-acetyllglycine benzy- 
lamide (30). A mixture of N-(p-n i t robenzo~laminomethy l ) .N-  
acetylglycine 22 (0 27 g, 091 mmol ) ,bcnzy lamine  (0,096 m L  
084  mmol), dicyclohcxylcarbodiimide (020  g, 0 9 7  retool), 
and anhydrous THF  (3--5 mE) was stirred at --20 °C for 12 h 
The solvent was removed m vacuo Oimcthyl formamide (3 ~-o 
5 rag) was added to the residue, and  tile undissolved 
dicyclohexyl urea was filtered off, The filtrate was diluted with 
water (20--25 mL) and kept at +5 °C for 12 h The precipi- 
tate that formed was filtered off, washed with water, and dried 
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Table 3. The data of  the I1t N M R  spectra  o f  N-(aroylammomethyl ) -N-acety lg lycyl -~1-amino acid ethyl estem (33, 35, 38, 40, 42, 
and 43) and N- (a roy laminome thy l ) -N- tosy lg lycy l - a - amino  acid ethyl estem (31, 32, 34, 36~ 37, 39, and 41) 

Corn- IH NMR,  8 ( J /Hz)  
pound 

R 2 NCH2N N C H ? C  N C H C O  R 4 Et N H C O A r  NHCOAIk C6H 4 

31 2 3 0 ( s ,  4 9 0 ( d ,  407  s 388 (d, --  131 (t, 898  (t, 875  (t, 742  (t, 2 H, 
3 H, Me), J = 5,5) 2 H, 3 H, Me), J = 55)  J = 6 0 )  J = 73) ,  

727  (d, J = 60 )  410  (q, 752  (t, I H, 
2 | t ,  Ar, 2 H, OCH?) J = 7~3), 
J = 85 )  765 (d, 2 H, 

773  (d, J = 73)  
2 H, At, 
J = 85) 

2.26(s ,  4 9 5 ( d ,  4 1 2 s  ~87 (d, 121 (t, 9 4 0 ( t ,  8 5 0 ( t ,  
3 H, Me),  J = 55)  2 H, 3 H. Me), J :~ 55)  J = 60 )  

7 2 6  (d, J = 60 )  4 1 0  (q, 
2 t t ,  At, 2 t t ,  OCH?) 

32 

J = 9 0 ) ,  
7~72 (d, 
2 H, Ar, 
J = 90 )  

33 194 (s, 4 0 3  (s, --  
0 9  H, Me), 1.4 H), 

2.28 (s, 4,20 (s, 
2~1 H, Me) 0,6 H) 

34 2.28 (s, 
3 H, Me), 

7~27 (d, 
2 H, At, 
J = 9.0), 

770  (d, " 
2 H, Ar, 
J = 9 9 )  

35 1.95 (s, 
0,9 H, Me), 

225 (s, 
21 tt, Me) 

36 

37 

239  (s, 
3 H, Me), 

729  (d, 
2 H, Ar, 
J ~: 96 ) ,  

7 7 2  (d, 
2 H, Ar, 
J -- 9 6 )  

230  (s, 
3 H, Me),  

7.28 (d, 
2 H, Ar, 
J = 71 )  

7.85 (d, 
2 It ,  A r  
71)  

7 7 6 ( t ,  I H, 
J = 75) ,  

8 1 0  (d, I H, 
J = 75) ,  

839  (d, I It, 
J = 7 5 L  

8.48 (s, I H) 

4,90 (d, 381 (d, 120 (t, 933  (t, 835  (t, 808  (d, 2 H, 
1.4 H, IA H, 3 1t, Me), 03  H, 0 7  H, J = 75) ,  
J = 50) ,  J = 6,5), 407  (% J = 50) ,  J = 65 ) ,  8 3 5  (d, 2 I | ,  

4.86 (d, 385  (d, 2 H, OC[-[ 2) 944  (t, 8 5 2  (t, J = 7~5) 
0.6 H, 0 6  H, 07 H, 0 3  H, 
J = 5,0) J = 6,5)  J = 5,0) J = 65 )  

4 9 5  (d, 4.22 s 3.88 (d, --  120 (t, 9.38 (t, 8 5 0  (t, 7 8 0  (d, 2 H, 
J = 60 )  2 H, 3 H, Me), J = 60)  J = 70)  J = 9,0), 

J = 70)  4 1 0  (q, 8 3 0  (d, 2 H, 
2 H, OCtl 2) Y = 9 0 )  

4,85 (d, 403  (s, 3,83 (d, o- 1~17 (t, 907  (t, 8 3 0  (t, 717  (d, 2 H, 
0.6 H, 14 H), 14 H, 3 H, Me), 0,3 t4, 07  H, J = 7,5), 
J = 50) ,  417  (s, J = 52) ,  408  (% J = 50) ,  J = 52) ,  7 8 0 ( d ,  2 H, 

4 90 (d, 0 6  H) 387 (d, 2 H, OC1t2) 9 20 (t, 8 5 0  (t, J = 7.5) 
14 1t, 0 6  I t  0 7 It, 0 3  H, 
J = 50)  J = 52)  J = 50)  J := 52)  

498  (d. 407  s 385 (d, ......... 121 ( t  905  it, 845  (t, 7 58 (d, 2 H, 
J = 6 5) 2 t l ,  3 t l ,  Me), J = 65 )  J = 6.9) J = 95 ) ,  

J = 69)  408  (q, 767  (d, 2 | t ,  
2 H, OCH 3) J = 95 )  

4 0 9  (s 4 2 4  q, 127 (d. l 18 (t, q 0 0 b r s  818  (d, 7.44--  
IA I lL I H, 3 H, 3 H, MeL 0,3 H, 7,60 (m, 

4 2 6  ( s  J = 75)  Me, 4 1 2  (q, J = 75) ,  3 H), 
0 6  14) J := 75)  2 H, OCH?) 8 4 0  (d, 780  (d, 2 H, 

O,7 H, J = 7,5) 
J = 7,5) 

492 br s 

(to be continued) 
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Table 3 (continued) 

Corn- IH NMR, 8 (J/Hz) 
pound 

R 2 NCH?N NCH?C NCHCO R 4 Et NHCOAr NHCOAIk C6H 4 

38 195 (s, 485 (d, 405 (s, 410- -  138 (d, 1.16 (t, 935 (t, 830 (d, 810 (d, 2 H, 
09  H, Me), 06  H. 14 H), 433 (m, 3 tt, 3 H, Me), 03 H, 07  H, J = 8.0), 

2.28 (s, J = 50), 420 (s, I H) Me, 407 (q, J = 50), J = 8.5), 8.35 (d, 2 H, 
21 It, Me) 490 (d, 06 H) J = 85) 2 H, OCH~) 9 4 9 ( t ,  855 (d, J = 85) 

14 H, 07 II, 0.3 H, 
J = 50) J = 50) J '= 85) 

490 brs  408 s 422 (m, 935 brs  841 (d, 
I H) d = 73) 

39 229 (s, 
3 It, Me), 

729 (d, 
2 tt, At, 
J = 80),  

770 (d, 
2 11, At, 
J = 80) 

40 195 (s, 4 78-- 400 (s, 426 (m, 
09  H, Me), 492 m I 4 H), I It) 

2.26 (s, 419 (s, 
21 H, Me) 06 H) 

41 L29 (s, 
2 H, Me), 

2.31 (s, 
1 H, Me),  

7.22 (d, 
2 H, At, 
J = 70), 

770 (d, 
2 II, Ar, 
J = 7,0) 

42 180  (s, 
09 H, Me), 

2,25 (s, 
21 H, Me) 

43 178 (s, 
09  t-t, Me), 

222 (s. 
2 tt, Me) 

125 (d, 118 (t, 790 (d, 2 H, 
3 t! 3 It, Me), J = 8.0), 
Me, 408 (q, 830 (d, 2 H, 
J :: 73) 2 0 C I I  2) J - 80) 

126 (d, 
3 It, 
Me, 
J = 75) 

4.85 (d, 4.06 (s, 447 (q, 2 .90-  
1.4 H, IA H), I H, 3(15 (m, 
J = 5.0), 4.20 (s, J = 72) 2 H,, CH2), 

490 (d, 0.6 H) 7~18-- 
0.6 H, 7.35 (m, 
J = 5.0) 5 H, Ar) 

480 (d~ 402 (s, 4.38-- 2.80-- 
0.6 H, 14 H), 458 (m, 308 (m, 
J = 50), 4.12 (s, 1 H) 2 H, CH?), 

485 (d, 06  H) 7 .16-  
14 H, 733 (m, 
a = 50) 5 It, AO 

470 (d, 390--  4 3 5 ~  285--  
06  It, 415 (m, 452 (m, 300 (m, 
d = 48),  2 It) 1 H) 2 H, CIt2), 

4 84 (d, 7 1 5  
I 4 H 7 32 m~, 
J = 48) 5 tt. Ar) 

1 18 (t, 910 (t, 829 (d, 77 l  (d, 2 H, 
3 H, Me), 03 tl, 07  H, J = 90), 

408 (% ./ :: 4 8 )  J = 75), 781 (d, 2 H, 
2 H, OCH 2) 921 (t, 850 (d, d = 9.0) 

07 H, 03 tt, 
J = 48) J = 7.5) 

1.10 (t, 3 H), 895 (t, 8.20 (d, 7.40--7~58 
4.04 (q, 0.7 it, 0.3 It, (m, 3 H), 
2 H, OCH 2) J = 5.0), J : 7.5), 775 (d, 

900 (t, 847 (d, 2 H) 
0~3 H, 07  H, 
J ~: 50) J = 7.5) 

I10  (t, 930 (t, 830 (d, 808 (d, 2 H, 
2 H, Me), 03 H, 03 H, J = 85), 

114 (t, J = 50), J = 83) ,  834 (d, 2 H, 
I H, Me), 941 (t, 8.58 (d, J = 8,5) 
4.00 (q, 07 H, 03 H, 
2 tt ,  OCH?} d = 50) .1' = 83) 

IO8 (t, 905 (t, 832 (d, 770 ( d  2 H, 
3 H, Me), 03 tt, 07 H, J = 901, 

390- -  J = 48), J = 75),  7813 (d, 2 H, 
415 (m, 920 (L 855 (d. J = 90) 
2 H, OCH?) 07 H, 03 H, 

J = 48) J = 75) 

under an mr s t ream Compound 30 was obtained in a yield o[ 
015 g (43 %), m p  174-178 ° C  I | t  NMR (DMSO-d~0, & 
J / H z  191 (s, 5 It, MeCO); 2.19 (s, 5 tt MeCO); 390 (s, 2 
H, NCl i ?C) ;  4 0 0  (s, 2 H, N H C | J x P h ) ;  4 9 0  (br.s, I 
H. NCH2N); 495 (brs  I H, NCH2N); 7~28--740 (m, 3 
H, Ar); 7.45 (br.s, 2 H, ArE 8 1 0 - - 8 1 2  (m, 2 H, ArE 820- -  
835 (m, 2 H, Ar )  995 (br.s, 05  H, Ntt) ;  10.25 (bns, 05  
H, NHL IR (v/cm I): 1520; 1555 ( N O e )  1605; 1650:1670 
(C=O);  3340 (NHL 

N - ( A r o y l a m i n o m e t h y l ) g l y c y l - ~ - a m i n o  acids ethyl esters 
(31--43).  A mixture of N-(amidomethyl)glycine 19 or 21--25 
(068 mmol), a -amino  acid ethyl ester (064 retool), dicyclo- 

hexylcarboxydiimide(0 146 g, O71 mmol) and anhydrous THF 
(3--5 mL) was stirred at -20 ~'C for 12 h The solvent was 
removed in vacuo The residue was treated with DMF (3-- 
5 mL), and the precinitate of dicyclohexyl urea was filtered 
ofT Ether (in the case of compounds 31--36) or water (in the 
case of compounds 37--43) (20--30 mL) was added to the 
filtrate, and the mixture was kept at +5 °C fl~r 12 h The 
precipitate of compounds 31--43 was filtered off, washed with 
ether (water), dried under an air stream, and purified by 
reprecipitation with ether from a methanol solution~ The 
yields, melting points, and data of  the IR and IH NMR 
spectra are given in Table 2. I~C NMR of compound 31 
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Table 4. Results of elemental analysis of the compounds synthesized 

Com- Molecular E~_nd _ (%) 
pound formula Calculated 

# C H N 

Com- Molecular ~ l l d  (%) 
pound formula Calculated 

15 CITHIsN406S 49~.92 46Q D,~93 
50.24 4.46 1379 

17 CI~HI4N303Br ,~430 444 ]~J.)~ 
43.92 430 1280 

21 ClTHITN3OTS 50.43 4~2_8 . ~ 5  
50.12 421 10.31 

22 CI2HI3N306 ~9,10 ~ 15~39 
4882 444 1423 

26 CI9H 19N306 ~ 4 ~  5 ~  l.L(~ 
5922 497 1090 

27 CI3HNN206 ~8_5 486 942 
5306 480 952 

28 CI8H IgN2OTS 5 2 ~  4,3f) 7~L2 
53 20 446 6 89 

29 CI4H IsN20?S 4.7 9~9 5.~0.., J 8:93 
4692 506 7.82 

3 0 C ~ 9 tt 2o N 40 5 ~.69 S~332 L4~(2 
5937 524 1458 

C H N 

31 C21H25N3Ot, S 5f~fil ~,7~ 9.J_§ 
5636 563 939 

33 CI6H?0N40 ~ 5 1 ~  ~_13 ~ l .  
5053 5.30 14.73 

37 C 22 H 27 N 30~ S ~7o~ ~ ~ .~  _8~)j 
5725 590 910 

38 CIjH22N407 5~:oQ5 5 77 1 ~  
5177 562 1421 

41 C28H 31N?O~,S 600 
62.55 581 7.82 

43 C?3H2~,N~OsBr 5o.5.06 ,,5 ~ 4  ~()8 
54.77 520 8.33 

4918 4.95 15.29 

45 CIsH 74 N~O~, 5J60 },68 2017 
51 42 5.75 19.99 

(DMSO-d6), 6:14.0 (Me); 20.9 (Me); 49.4 (NQH2C); 536 
(NCH2N); 60.5 (OCH2); 126.9; 127.0; 128.2; 1295; 131.6; 
133.4 (At, CH); 137.0 (CS); 143.1 (~CO); 166.9; 168.6; 16% 
(C=O). 13C NMR of compound 33 (DMSO-d6), 6: 14. l 
(Me); 21.3 and 21.4 (Me); 406 and 40.8 (NH~H?C); 471 and 
507 (NCH2C); 51.2 and 54,2 (NCH?N); 605 and 60.6 
(OCH2); 123.5 and 123.6 (Ar, CH); 1299 (At, CH); 1394 and 
1395 (_QCO); 149.2 and 1493 (CNO2); 1654; 165~7; 1692; 
169.3; 1697; 170.6; "t71.4(C=O) 13C NMRofcompound 35 
(DMSO-d6), 6:141 (Me); 21.2 and 21A (Me); 46.8 (N~H2C); 
54.0 (NCH2N); 60.4 (OCH?); 125.5 tar, CH); 129.5 and 
129.6 (Ar, CH); 131.3 and 131A (Ar, CH); 1660; 1691; 
169,7; 170.4 (C=O), 13C NMR of compound 36 (DMSO-d6), 
8:14.1 (Me); 210 (Me); 49.7 (N~H2C); 53,8 (NCH2N); 607 
(OCH2); 125.6: 127.0; 1295; 1296; 131.4; 132.6 (At, CH); 
137 I (CS); 143.3 (_(;CO); 1662; 168.7; 169.7 (C=O). 
13C NMR of compound 38 (DMSO-de,), 8 : 1 3 9  (Me); 168 
and 170 (Me); 212 and 214 (MeCO); 467 and 476 
(NH(._TH2C); 478 and 505 (N~H2C); 51 3 and 542 (NCH2N); 
604 (OCIt2); 123.4 and 123.6 (Ar, CH); 1289 (Ar C|I)  
1393 ((~CO); 1491 and 1492 (CNO2); 165.3; 1655; 1666; 
1703; 171 2~ 1723; 1724 (C=O) 

N- (p- Nit robenzoylaminomethyl)- N- acetylglycylalanine (44). 
A 45% NaOII solution (003 m E  05 retool) was added 
dropwise to a suspension of compound 38 (0.17 g, 043 retool) 
in water (3 mL),and the mixture was stirred at 60 °C [br4 h 
The reaction mixture was kept at -20 °C for 12 h and acidi- 
fied with concentrated HCI (0.042 mL, 05 mmol) The pre- 
cipitate that fi~rmed was filtered off, washed with water, and 
dried under an air stream. Compound 44 was obtained in a 
y ie ldof008 g150 %L m p  126--131 "C ~1t NMR(DMSO- 
d6), 8, J/Hz: 129 (d, 3 H, MeCH, J = 83); 192 (s, I H, 
MeCO): 226 (s. 2 H, MECO);403 (s, 13 It, NCH2C); 417 
(s, 0.7 H, NCH2C); 417--4.29 (m, 1 tt, NCHC); 4.90 (dd, 
2 H, NCH2N, Y = 580); 810 (rid, 2 H, At, d = 830); 820 

(d, 07 H~ NHCOAIk, J = 7.50); 832 (dA, 2 H, Ar, J = 
8.30); 8.40 (d, 0.3 H, NHCOAIk, J = 750); 930 (t, 03 H, 
NHCOAr, J = 4~58); 950 (t, 07 H, NHCOAr, J = 4.58). 

N "- (p- Nitrobenzamidomethyl)- N'-acetylglycylalanine 
N-(isopropylidene)hydrazide (45). Ester 38 (0  17 g, 043 retool) 
was solved in a minimum amount of anhydrous methanol 
(2--3 mL) with heating, and then hydmzine hydrate (0 04 mL, 
086 retool) was added to the mixture The reaction mixture 
was boiled t2)r 2 h and kept at -20 ~'C t~or 24 h Tile solvent 
was removed in vacuo The residue was treated with acetone. 
The precipitate was filtered off, washed with ether, and dried 
under an air stream. Compound 45 was obtained in a yield of 
007 g (37 %), mop 189--191~5 °C. IH NMR (DMSO-d6), 
8, J/Hz: l 11--1.32 (m, 3 H, MeAla); 185 (s, 3 H, Me); 191 
(s, 3 H, Me); 210 (% I H, MeCO); 230 (s, 2 H, MeCO); 
405 (s, 13 H, NCH2C); 420 (s, 07 tl, NC112C);438--453 
(m, I H, CH); 4 78-5  00 (m 2 H, NCH2N); 7 9 8 - 8 1 8  (m, 
2 tt, Ar); 818--826 tim 07 | t ,  NHCOAIk); 826--841 fin, 
2 H, At); 8 5 0 - 8 6 0  (m, 03 H, NHCOAIk); 932 (brA, 
03 H, NHCOAr); 949 (brs, 07 I-I~ NHCOAr): 1002 (s. 
03 H, NH); 10.11 ( ,  07 H. N H ) I R  (v/cnCI): 1535; 1545 
{NO2); 1605; 1640-1680 (C=~O); 3300 (NH)  
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